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PrbducUon apparatus for rare earth anisotropic magnet powders 



(57) An appardus that gives continuous hydrog^ 
heat treatment to ianisotropic rare earth magnet pow- 
ders Is Invented. The apparatus a comprises shopper 
1?. a furnace 1 1 to cany out a hydrogen heat treatment, 
a. heat conrpensating means 14 that is placed in the 
heating room of the furnace to ke^ the treatment fern-- 
perature constant a movable stopper 1 5 to. support the 
material in the heating room of the furnace 11 and a 
cooling container 1 8. The raw magnet povwJer is fed into 
the furnace 11 and supported by the stopper 15. then 
hydrogen heat treatment is carried out. After the treat- 
ment the stopper opens the bottom end of the heating 
room and the processed magnet powder falte lifito the 
cooling room. By the operation descried above, the 
present apparatus can cany put continuous hydrogen 
heat treatment without stopping the heatihg of the fur- 
nace batch by batc^v Contihiioiis hydrogen heat treat- 
ment greatly in?}roves the' production efficiency and 
quality of the processed magnet powder. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION . 
FIELD OF THE INVENTION 

[0001] The present invention relates to a production 
apparatus for producing anisotropic rare earth magnet 
powder by applying hydrogen heat treatment which 
induces hydrogenation and hydrogen desorption in rare 
earth magnet material. 

DESCRIPTION OF THE RELATED ART 

[0002] Recently the rare earth anisotropic magnet 
powders are increasmgly used in bonded magnets, 
n^nly due to their good magnetic properties such as 
high maximum energy product ((BH) max), high resid- 
ual magnetic flux density (Br) and high intrinsic coersrv- 
ity (iHc). Among various producing methods of the rare 
earth magnet powders with good magnetic properties, it 
is known that the hydrogen heat treatment is quite effec- 
tive. The hydrogen heat treatment consists of the hydro- 
genation process in which the raw magriet powder is 
kept at 750 "C -950 °C in hydrogen atmosphere to mal<e 
the powder absorb hydrogen and subsequent hydrogen 
desorption process in which the powder is compelled to 
release the hydrogen in vacuum. By applying hydrogen 
heat treatment iHc is enhanced because of refinement 
of the grain, arid Br is improved by an alignment of the 
grain orientation in the material. 
[0003] The sdaove . mentioned hydrogen heat treat- 
ment, however, has a drawbiadc that the method is not 
suitable to mass production. It is because the required 
temperature control of the material is too severe to 
attain by the cpnvenfkinal technology in a large scale 
production. * 
[0004] In the hydrogen heat treatment, the small devi- 
ation of treatment temperature frorn the desired value 
either in the hydrogenation process orin the hydrogen 
desorption process causes significant deterioration of 
Ihe magnetic properties of the obtained magnet powder. 
Therefore it is required that the temperature is control- 
led precisely in the whole material In both prqcessesw 
However, there is a fornrtidable prokslem to keep the tem- 

. perataire consbmt The reaction between the magnet 
powder arid hycftrbgen is a seH exciting reactbn, the 
hydrogenation being exothermic reaction and the hydro- 
gen desorption being erKiotheriric reaction. The heat 
generated in the reactions is proportional to tiie material 
mass. The heat tends to make the treatment tempera- 
tue deviate froni a desired ranga So it is dHTicult to 
keep the temperature in a desired range in mass pro- 

' duction. 

[0005] We solved this problem by inventing a produc- 
tion method and an apparatus for hydrogen heat treat- 
ment that is disclosed in Japanese Patent Application 
Laid-open (KokaiO-No. 9»>251912. The invented appara- 



tus is characterized by sets of a processing vessel and 
a heat compensating vessel in contact The heat gener- 
ated by the exothermic reaction during hydrogenation 
process or by the exothermic reaction during hydrogen 

5 desorption process is compensated by the counter 
reaction of heat generating material contained in the 
heat compensating vesset. As a result, the treatment 
temperature of the hydrogen heat treatment can be eas- 
ily controlled within a desired treatment temperature 

10 range. The controllability of the method is independent 
of the production scale so that mass production by the 
hydrogen heat treatment can be set into practice. 
[0006] However the invented apparatus had three • 
major drawbacks because it titifized a batch-type fur- 

is naca The first drawback is poor time eff idency for the 
treatment. The second is the oxidization of the powder. 
The third is inhomogeneity in the processed powder. 
[0007] Th e poor time eff id ency rriainly comes from the 
following two reasons. One is the need of heating and 

20 cooling time of the furnace. The heating from room tem- 
perature to the treatment temperature arid.ttie cooling 
from treatment tenrtperature to the room terrperature 
takes certain time for each processing batch. The sec- 
ond is the handlir^ time for feeding the powder material 

25 in tfie apparatus and taking them out The handling 
requires special care. When feeding the raw material 
into the furnace, the powder must be distributed well in 
the processing vessel to assure the sufficient contact 
sirea with the heat corrpensating vessel for the predse 

30 temperature control- The effective feeding method in the 
interlaced structure of processing vessel arKi hjeat com- 
pensating vessel was not established in the above 
invention, so the feeding requires long time. When tak- 
ing the processed material out of the fumace, the pow- 

35 der is usually aggriegated to lumps and need to be 
crushed before taking them out It also requires long 
time. 

[0008] The second drawback is that the material may 
be oxidized during feeding of the raw magnet powder or 
40 taking out the processed nragnet powcler because 
processing room of the furnace is exposed to the ambi- 
erA atmosphere. 

[0009] The third drawback, the inhpmog^erty of tfie 
processed powder, is brought about during the heating 

45 and cooling steps of the fumace. The heating and cool- 
' ing of the material is done by heat transfer between the 
processing, vessel and the material. Because the 
degree of the heat transfer is cfifferertt in the position in . 
the processing vessel, the temperature inhornogeneity 

50 takes place in ttie material. This temperature inhomoge- 
neity brings about the magnetic properjty inhomogene- 

SlIMMARY OF THE INVENTION 

55 ■ • : ■ • . 

[pOlO] It is the object of the present invention to pro- 
vide a production apparatus wtnich can solve the cUbove 
problems. Since the prot>lems come from the nature of 
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batch-processing, so continuous hydrogen heat treat- 
ment IS offered in the invented apparatus to solve the 
pr oblems. By applying continuous hydrogen heat treat- 
ment, time efficiency is improved, and oxidization and 
inhonriogeneity can be avoided. The invented apparatus 
also offers a compact construction. 
10011] The apparatus comprises a furnace for the 
hydrogen heat treatment a heat compensating means 
that is placed in a heating room of the furnace, a mova- 
ble stopper to support a material in a space formed 
between a wall of the heating roon^ of the fi^rnace and 
the heat corrtpensating means, a driving equipment for 
the movable support, a hydrogen supply system, and an 
evacuation system. The furnace has an inlet for the raw 
magnet powder, on its one end and an outlet for the 
processed magnet powder on tiie other end. The heat- 
ing room in which the hydrogen heat treatment is car- 
ried out. is in the middle part between the inlet and the 
outieL The heat compensating means is made of a ves- 
sel containing a n^terial which can generate and 
absorb the heat such as hydrogen absorbing alloys. The 
heat generated/absorbed by the heat compensating 
means is ' controlled to cancel out the heat 
absorbed/gdnerated by the processed material during 
the hydrogen heat treatment If the material contained in 
the heat compensating means is a hydrogen absorbing 
alloys, the heat compensating means must have a 
hydrogen pressure adjusting equipment to control tine 
hydrogert pressure inside the vessel, the stopper is 
rrtovable and shuttle between two positions. At one 
position the stopper seals tiie space formed by ttie wall 
of heating room of the furnace and the heat conpensat- 
ihg means, and at the other position the stopper opens 
the space and let the material move out of tiie heating 
room, the stopper mov^ent is controlled by the stop- 
per driving , equiprpent. The hydrogen supply system 
sullies the hydrogen gas into the furnace at a desired 
hydrogen partial pressure. 

[0012] In ttie present invention of a production appa- 
ratus, it is favorable to add a hopper of tiie raw magnet 
povyder arid a cooling container for tiie processed mag- 
net powder to the apparatus, placing them in vertical 
arrangement Thus the raw magnet powder, comes out 
from the hopper and goes into tiie furnace through tiie 
inlet by the aid of gravity, and after tiie hydrogen heat 
treatment Jthe processed n^gnet powder comes'out of 
the heating room of the furnace and goes into the cool- 
ing coritainer also by the aid of gravity. 
[0013] It is also favorable to place a powwder scattering 
equipment at the bottom of said hopper or at the top of 
said heating room to let the powder fall uniformly from 
the hopper to the heating room. In addition, it is more 
favorable tiiat the hopper has a crushing equipment 
thacl makes up-and-down niovement to crush the aggre- 
gated powder according to the movement of tiie stop- 
per, 

[0014] The kinds of raw maiterial used In the present 
invention are R-T-boron type magnet or R-TrM type 



magnet, wherein R stands for rare earth element such 
as Y La. Ce. Pr. Nd, Sm, Gd, Tb, Dy. Ho, Er, Tm, Lu; T 
stands for ferrous metal such as Fe, Co, ISB; and M 
stands for element which forms tetaragonal ThMn12 type 
5 compounds such as Ti, V, Cr, Mo. More than 50 % of. R . 
must be Nd or Pr or sum of both, also more than 50 % 
ofTmustbeFe. 

[001 5] Examples of the magnet used in tiiis invention 
are Nd-Fe-B type, Nd-Fe-Ga-Nb-B type magnet 
10 [ooi 6] The procedure of the hydrogen heat ti^eatment 
using the invented apparatus, in which a hopper, tiie fur- 
nace and the cooling container are arranged in a verti- 
cal configuration, is as follows, ^ . - 
At first the temperature of .tiie heating room of the fur- 
15 nace is elevated to a set temperature. The stopper is set 
in tiie upper position to seal the heating room. Then the 
raw magnet powder is fed tiirough the inlet of tfie fur- 
nace. The raw magnet powder is kept in the heating 
room, of the furnace by support of the stopper.. Then 

20 hydrogen gas is iritroduced into the heating room from 
tiie hydrogen supply system at a set hydrogen pressure. 
The magnet powder is kept in the hydrogen gas for a set 
time to have the hydrogenation process, then the hydro- 
gen gas is evacuated from tiie fumaCe to have the 

25 hydrogen desorption process. 

[0017] By tfie above hydrogen heat treatment, the 
magnetic properties of tiie' powder is enhanced. Heat 
compensation means functions to cancel out the heat 
X generated /at)soibed by the reaction between the mag- 
so net powder and hydrogen during the hydrogenatiori 
process/hydrogen desorption process, ttius keeping the 
reaction temperature to a desired preciseness to give 
excellent magnet properties. . : 

[0018] After the hydrogen heat treatment* we move 

35 tiie stopper to the lower position by tile stopper driving 
equipment. The space between the inner waD of the 
heating room of the furnace and tiie outer wall at the 
. heat compensating means is opened, and the proc-. 
essed magn^ powder ^Is into the cooHng container. 

40 The processed magnet povyder is cooled to room tem- 
. perature, and the powder is either ^ken out of the pool- 
ing container, or is ti-ansfer'red to the next process. 
During tiiese operations, ttie temperature of tiie furnace 
is kept to the fixed treatment temperature. Afto' the 

45 ^ processed magnet powder goes out of tfie h^ng 
room, we move a stopper to upper position by driving 
equipment and again .make the spacid sealed by the 
stopper. Then the next batch of raw magnet powder is 
fed into the heating room from the inlet and the second 

so round of tiie hydrogen heat treatinejnt is carried out. By 
the operation descried so far, the present apparatus can 
carry out continuous, hydrogen heat treatment without 
stopping the heating of the firnace batch by batch. 
[0019] The advantages offered by ttie present 

ss invented apparatus are as follows. 

[0020] First, the magnetic properties of the rare earth 
anisotropic magnet powders is greatly, improved even 
.though tiie producb'on scale is enlarged, because the 
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hydrogen heat treatment is can-ied out within a precise 
temperature range. 

[0021] Second, present invention offers greatly 
improved time efficiency. The improvement is given by 
three reasons. One is that the apparatus can give a con- 
tinuous hydrogen heat treatment from one batch to next 
batch without heating/coofing time of the furnace. 
Another reason is that it does not require cumbersome 
feeding or taking out of the material. In a vertical config- 
uration of the hopper, the furnace, and the cooling con- 
tainer, the feeding and taking out the powder is very 
easy with the aid of the gravity. The other reason for the 
improved time efficiency is that the heating time for the 
pcwrder is considerably shortened. In the batch type fur- 
nace, the heating must be done for the whole system 
including the powder, the processing vessel and the 
heat compensating vessel. On the contrary, the present 
irvented apparatus, only the powder is required to be 
heated. The heal capacity of the powder itself is signifi- 
cantly small compared to the whole system. 
[0022] The third advantage of. the present invention is 
that it prevents the oxidization of the' powder. It is 
because the heating room is completely separated from 
the ambient atmosphere, so that the oxidization of the 
powder by the outer air is completely avokJed..The sep- 
aration also prevents leak of the hydrogen gas from 
heating room to the oUtskie of the apparatus. 
[0023] The fourth advantage is that the properties of 
the processed nnagnet powder is homogeneous 
because the furnace temperature is always kept in a 
fixed one and temperature distribution in the poOvder is 
homogeneous. . 

[0024] When the vertical configuration is adopted, 
there is one more advantage In the present invention. In 
the configuration, the apparatus has simple and com- 
pact construction. When the parts of the apparatus are 
placed in a vertical configuration, the powders moves by 
the aid of gravity and there is no need for the, special 
transfer system for the material. The raw magnet pow- 
der faills from the hopper into tiie heating room, then it Is 
supported by the stopper and given the hydrogen heat 
treatment, then falls into the cooling container by setting 
the stopper to lower position. 

[0025] As Is described before, by placing a powder 
scattering equipnient either at the bottom of saM hopper 
or at the top of said heating room, it can be possible to 
let tiie powder-fall uniformly from the hopper to the heat- 
ing roonrt It improves the uniformity of the magnet prop- 
erties of the powder after the hydrogen heat treatment 
In addition, H is favorable that the stopper has a crush- 
ing equipment that makes up-and-down movement to 
crijsh the aggregated powder according to tiie move- 
ment of the stopper. After tiie crushing, the powder is 
transferred to the oooUng container. 
[0026] In the present invention of a production appa- 
ratus, it is possible to make the whole process of the 
hydrogen heattreatmeht completely continuous. For the 
purpose, as described before, it is favorable to add a- 
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. hopper of the raw magnet powder and a cooling con- 
tainer for the processed magnet powder to the appara- 
tus, arranging them in vertical configuration. Thus the 
raw magnet powder comes out from the hopper and 

5 goes into the furnace through the inlet by the aid of 
gravity, and after the hydrogen heat treatment the proc- 
essed magnet powder comes out of the heating room of 
the furnace and goes into the cooling container also by 
the aid of gravity. Thus the whole process the comprls- 

10 ing feeding of raw magnet powder, the hydrogen heat 
treatment, cooling, and taking out the processed mag- 
net powder can be done continuously. 

BRIEF DESCRIPTION QF THE DRAWINGS 

IS ' 

[0027] 

Rg. 1 is a schematic illustration of a production 
apparatus 1 in an embodiment. 

20 Rg.2 (a) is a schematic view of. sealed tubular 
space formed between an inner wall of a heating 
room and a heat compensating means, 
Rg.2 (b) is a schematic view of opened tubular 
space fbnried between an inner wall of a heating 

25 room and a heat compensating nieans. 

Rg.3 is a schematic illustration of a production 
' apparatus 2 in an embbdimentl 

pmAimo PE$CR|PTIQN QF THB PREFEPRgP . 

30 EMBODIMENT 

(Production apparatus 1) 

[0028] An example of the present invention of a pro- 
35 duction appeuatus for producing rare earth magnet pow- 
ders is shown in Fig;1. The present apparatus 
comprises a furnace system lOA^ a hydrogen suppily 
system 20, an evacuation system 30 and a control sys- 
tem 40. 

40 [0029] The furnace system 10A includes a furnace 
proper 11. a raw magnet powder hopper 12. a heating 
system 1 3, a compiensating means 1 4, a stopper 1 5 and 
a stopper driving equipment 16. 
. [0030] The furnace proper 1 1. Is made of stainless 
45 steel tuk)e of a proper length and diameter, comprising 
an upper cylinder 11a and a tower cylirxler 1 lb and her- 
nrietically sealed from anit)ient atmosphere. The hopper 
i 2 is connected to the furnace 1 1 at the top of the upper 
cylinder 11a through a raw magnet powder supply line 
so 1 7. The end of the supply line 1 7 that Is inserted in the 
fumace proper 1 1 has an open end. . 
. [0031] The hopper 12 Is a storage container of the raw 
nriagnet powder. TTie raw magnet powrder supply lina 17 
is to feed the raw magnet powder from the hopper 12 to 
55 the furnace proper 11. 

In the furnace proper 1 1, the lower end of tiie cylinder 
1 lb is connected with cooling container 18 through the 
gate valve 11c. 
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The heating system 13 is a cylindrical electrothermic 
heating coil around the middle part of the furnace 
proper 1 1 . and it is capable to heat furnace proper 11 uqp 
to about 1000 'C. 

[0032] In the furnace system 1 0A. the heating zone of 
the furnace proper 11 conresponds to the foregoing 
heating room. Also, an opening 1 7a of the supply line 1 7 
and the lower opening of the lower cylinder 1-lb in the 
furnace proper 1 1 correspond to the foregoing inlet and 
outlet of the fumace, respectively. 
[0033] The heat compensating means 14 is made of 
stainless steel tube of a proper length with hermetic 
seal. It consists of a heat compensating material con- 
tainer 14a and a connecting pipe 14b. The heat com- 
pensating means 14 is placed in the heating room of the 
furnace proper 1 1 concentrically with the furnace proper 
11. The connecting pipe 14b is penetrate through the 
inner wall of the furnace proper 11 gas-tight, and it is 
connected to the external hydrogen supply system and 
evacuation system. In this contsuner 14a the heat com- 
perisating mmerial which is the same kind of material as 
the processed magnet powder is contained! 
[0034] The stopper 1 5 that is seen in Rgs. 1 and 2 has 
a cii'cular shape, and it can be moved upward or down- 
ward in the furnace proper 1 i. An tapper surface 15a of 
the stopper 15 is concave, having a center hole 15b in 
the middia The stopper 15 is anranged under the heat 
compensating means 14 in tiie furnace proper i 1. eukI 
supported by the stopper driving equipment 16. 
[0035] The stopper driving equipment 16 comprises 
multiple air cylinders, each air cyiimler consis^ng a cyl- 
inder 16a and a piston rod 16b. The cyliriders 16a are 
placed in the periphery of the lower end of the cylinder 
1 la of the furnace proper 11, and the piston rod 16b is 
. cqnriected the bottom of the stopper 15 through the bot- . 
torn the furnace proper 11 gas-tight and csm be moved 
upward and downward. 

[0036] In this way. the stopper 15 can be moved 
upward and downward by the driving equipment Is! 
When the stopper 15 is located on the upper limit, as 
shown in Rg.2{a). it can keep the magnet powder in the 
heating room fc^ sealing the tubular space formed by the 
inner wall of the heating room and outer wall of the heat 
compensation means by the hole 15b filtinig in the bot- 
tom 14a. Wh^ the stopper 15 is located on the lower 
limit as. shown iri Fig.2(b), the. magnet powder falls 
through the gap between the hole 1 5b and the bottom of 
the container 14a of the heat compensating means 14 
into the cooling container. 

[0037] The hydrogen supply system 20 comprises a 
hydrogen cylinder 21, a. first supply pipe 22 that con- 
nects a ppe .1 Id in the furnace proper 1 1 emd a hydror 
gen cylindW 21. and a second supply pipe 23 that 
connects the pipe 14b of^the heat compensating means 
14 arKi hydrogen cylinder 21 , a first three-way switching 
valve 24 in the supply pipe 22. a second three-way . 
switching valve 25 in the supply pipe 23,* a hydrogen 
relinery equipment 27 in a common part 26 of the sup- 



ply pipe 22 and 23. and an accumulator 28 of the hydro- 
gen. 

[0038] An evacuation system 30 comprises a vacuum 
pump 31, a first evacuation pipe 32 tiiat connects the 

5 first switching .valve 24 and the vacuurh pump 31 . and a 
second evacuation pipe 33 that connects the second 
switching valve 25 and vacuum pump 31. The switching 
valves 24 and 25 are used commonly in both the hydro- 
gen supply.system 20 and \he evacuation system 30, 

10 [0039] A control system 40 controls the heating sys- 
tem 13, the stopper driving equipriient 16, the vacuum 
pump 31 , and the switching valves 24 and 25. The func- 
tion of the control.system 40 is as follows. Rrst the con- 
trol system 40 maintains the temperature in the heating 

IS room within a fixed treatment temperature by controlling 
the heating system 13. Then the system sets the posi- 
tion of the stopper. 16 to ke^ the powder in the heating 
room for a set time. At the same time it controls tine 
hydrogen pressure or evacuation pressure in the heat- 

20 . ing fooni and the heat compensating means by supply- 
ing hydrogen gas or evacuating hydrogen by activatinjg 
the switching valve 24 and 25. After tiie hydrogien heat 
treatment is completed, the control system lowers the 
stopper and let the processed magnet powder fall into 

25 the cooling container. 

(Hydrogen Heat Treatment) 

[0040] An exarnple of the alloy suitable tdr flie treat- 
30 ment in the present apparatus is Nd-Ga-Nb-B-Fe type 
alloy - with a chemical composition of rMd12.5at%, 
Ga0.3at%. Nb0.2at%. B6.2at% arid balanced with Fe 
wrtii inevitable impurities. elTvBryaflox^i 
. rJnso^^^en it IS crushed into coarse grain with the dianri- 
35 eterof 2-4 mm by preliminary hydrogenatlon and des- 
orption process at 250 "C. : 
[0041] Before starting the treatment each part of the 
apparatus is set to the following state. In the heat com- 
pensating material. the container 14a of the heat .com- 
40 pensating means '14. the same material as processed 
one is placed. The stopper 15 is located oh its lower 
limit. The first supply pipe 22 is disconnected from the 
cbmmori part 26 of the hydrogen supply system 20 and 
ait the same time it is connected to tha first 6^acuation 
45 pipe 32. The secorid supply pipe 23 is connected to ttie 
, . common part 26 of the hydrogen supply system 20 and 
at the same time it is'cfisconnect»ci from the secorid 
evacuation pipe 33. . . . * : . 

[0042] The treatment is started as the following man- 
so ner. The heating system 13 and the vacuum punp 31 is 
activated. After the compensating nrieans 14 is eyacu^ 
ated to a vacuum of 10-4t6rr, hydrogen gas is supplied 
from tiie hydrogen cylinder 21 and hydrogen pressure in 
the heat compensating means 14 is controlled to a set 
65 pressure. The heating room of the fumace proper 1 1 is 
heated to a set temperature, for exaniple 800 °C. Then 
tiie stopper 15 is shifted to tiie upper, position to make a 
tubular space for the hydrogen heat treatment. 
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[0043] Then, the switching valves 24 and 25 are oper- 
ated so that the first supply pipe 22 is connected to the 
common part 26 of the hydrogen supply system 20 and 
at the same time it is disconnected from the first evacu- 
at*orY pipe 32. Also the second supply pipe 23 is discon- 
nected from the common part 26 of the hydrogen supply 
system 20 and at the same time it is connected to the 
second evacuation pipe 33. The raw magnet powder is 
fed into the heating room through the raw magnet pow- 
der supply line 17. and supported by the stopper 15. 
[0044] By above operatton, hydrogen gas is intro- 
duced into the heating room of the furnace 1 1 and the 
hydrogen heat treatment is carried out This hydrogena- 
tlon process, which is exothermic reaction. Is accompa- 
nied by heat generation. The hydrogenation process is 
canied out for 6 hours at about 820 ''C at a pressure of 
0.2-0.6 atm. To cancel out the heat generation with the 
hydrogenation, the heat compensating material con- 
tainer 14a of the heat oonrrpensating means 14 is evac- 
uated to a vacuum by vacuum pump 31. As a result the 
material In 14a absorbs heat because of the hydrogen 
desorption process, which Is endothemnlc reaction, is 
induced. 

[0045] The hydrogen desorption process is induced in 
a vacuum of 10-1 ~ 10-5 torr. By the counter reaction in 
the heat compensating means 14, the heat generated 
by the processed magnet powder in the heating room is 
canceled. As a result, the heat treatment temperature in 
the heating room is maintained at about 820 "C. 
After the hydrogenation process is completed, the 
hydrogen desorption process is started. 
[0046] To evacuate the furnace 11, the switching 
valves 24 and 25 are operated so that the first supply 
pipe 22 is disconnected from the common part 26 of the 
hydrogen supply system 20 and at the same time it is 
connected to the first evacuation pipe 32. Also the sec- 
ond supply pipe 23 is connected to die common part 26 
of the hydrogeri supply system 20 and at the same time 
it Is disconnected froni tiie secbnd evacuation pipe 33. 
[0047] As a result, the inside of the furnace 1 1 1s evac- 
uated and the hydrogen desorption process of the mag- 
net powder supported on the stopper 15 is carried out. 
This hydrogen desorption process, which is endother- 
mic reaction, is accompanied by heat absorption. The 
l^rogen desorption process Is carried out for 60 min- 
utes at 820 sX a pressure of 10-1-10-5 torr To cancel 
out the heat absorption witiii the hydrogen desorption, 
the heat compensating material container 14a of the 
heat compensating rheans 14 is supplied with hydrogen 
gas. As a result tine material in T4a generates heat 
because of the hydrogenation process, which is exo- 
thermic reactipn. Is Induced. 

[0048] By the counter reaction in the heat compensat- 
ing means 14, the heat absorbed by the processed 
magnet powder In the heating room is canceled. 
Because of this cancellation, the heat treatment temper- 
ature in the heating room is maintained at about 820 ^'C. 
The hydrogenation in the heat compensating material 



container 14a is carried out at 820 *Cfor 60 minutes at 
a pressure of o.2-0.6atm. 

[0049] After the hydrogen heat treatment is com- 
pleted, the switching valve 24 and 25 Is set to the neu- 

5 tral point. Then the stopper 15 is set to the lower 
position by the stopper driving equipment 16 so that the 
processed magnet powder, namely rare earth aniso- 
tropic magnet power, falls down through the hole 15b of 
the stopper 1 5 into the cooling container 18. • " 

10 [0050] After one round of the hydrogen heat treatment 
is completed as just described above, each part of the 
apparatus is set to the initieU state for next hydrogena- 
tion process. The switching valves 24 and 25 are oper- 
ated so tiiattiie first supply pipe 22 is connected to the 

IS common part 26 of the hydrogen supply isystem 20 and 
at the same time it is disconnected from the first evacu- 
ation pipe 32. Also the second supply pipe 23 is discon- 
nected from the common part 26 of the hydrogen supply 
system 20 and at the same time it is connected to the 

20 second evacuation pipe 33. The stopper 15 is set to lis 
upper position to support tiie raw magnet powder In the 
heating room of the furnace 1 1 . 
[0051] Thereafter, hydrogien gas is introduced from 
the hydrogen cylinder 21 to tiie furnace 11. The heat 

2S oompensatioh material container 14a is evacuated by 
tiie vacuum pump 31 . The raw nnaterial is fed from the 
hopper 12 to tiie furnace ^ '^ through tiie raw magnet 
supply line 17. 

[0052] According to the present invention, tiie mag- 
30 netic properties of tiie rare eartii anisotropic magnet 
powders is greatiy improved by the application of tiie 
hydrogen, heat treatment that is carried out within pre- 
dse temperature range. Present invention also offers 
greatly inrproved time efftdency, becaiise the apparertus' 
35 can give a continuous hydrogen heat treatment. 

[0053] n means the present invented apparahis can. 
save the operating time compared to the batch type fur- 
naca As a result a production effidency of present 
apparatus is improved. FurthemVore, tiie oxidization of 
the powder is avoided and the properties of the proc- 
essed magnet powder is homogeneous. 
[0054] Another advantage of the present invention is 
that the app^tus can be designed in siniple and com- 
pact constniction. If the parts of ttie .apparatus Is 
45 arranged In a vertical configuration so that the powders 
moves by the aid of gravity and there is no need for the 
special faansfer system for the material. 

(Production apparatus 2) 

so 

^[0055] . Another example of the prqduction apparatus 
according to the present invention Is shown schemati- 
cally in Fig.3. 

[0056] The present production apparatijs 2 has similar 
65 Structure as the prckludng apparatus 1. it comprises a 
furnace system 10B, a hydrogen supply system 20 and ^ 
an evacuation system 30 and a control system which is 
not shown in the Figure. Each part Is simOar to tiiat of 
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the apparatus 1 except for the furnace system lOB. 
[0057] Detailed description is omitted for the parts that 
are similar to those of the apparatus 1. Those similar 
parts are indicated as the same symbols as in the appa- 
ratus 1 . Herder the different constitution and function s 

of the fmiaice system 1 0B compared to the furnace sys- 
tem 1 0A is described. • 

[0058] The furnace system 10B comprises a furnace 
prqjer 11, a hopper 12. a heating system 13, a heat 
compensating means 14, a stopper 15, a stopper driv- io 
ing equipment 16, a raw material supply line 17 and a 
processed powder container. There is a heating room 
R1 in the upper part of the furnace proper 1 1 , and a raw 
magnet powder container R2 in the hopper 12. In addi- 
tion to above mentioned parts/the furnace system 108 is 
has a powder crushing equipment 15c and a powder 
scattering equipment 1 9 to let the powder faW uniformly 
froni the hopper to the heating room. The powder crush- 
ing equipment 15c and the powder scattering equip- 
ment 19 is the difference of furnace system tOB from 20 
the furnace system 10 A. 

[0059] The powder crushing equipment 15c is plurality, 
of awl-lite pan with proper length placed oh the upper . 
surface 15a of the stopper 15. 

[0060] It moves up and down with the stopper driving 25 

system 16 nwes. The crushing equ^ment 15c is to 

crush the agglomerated powder into coarse grains by its 

up-and-down motion, and helps the processed magnet 

fKJwder to fall down through me hole' 15b into 

ing room. . , 3^ 

[0061] The powder scattering equipment 19 is located 
above the hedting room R1 in the furnace proper 11, 
and comprises a crossed angle bar 19a and a conical 
part 19b, The crossed angle bar 19a is fixed inner wall 
of the furnace proper 11. the conical part 19b is placed 3s 
below the crossed angle bar 19a. 
[0062] In the present producing apparatus, the raw 
magnet powder is supplied from the ho|:^er 1 2 through 
the raw magnet pqwder supply line 17, and fed to the 
middle of tiie top of the furnace 11. The powder goes . 40 
through the powder scattering equipment 19 and rests 
on the stopper .1 5. the powder fajts evenly on the upper 
surface 15a of the stopper 15 because it is scattered 
evenly by the equipment 19 ancJ guided by conical part 
19il • ■ ^ 

[0063] The presented apparatus 2 has a vertical coh- 
f iguiktion of the raw material container R2 in the hopper 
12, the heating room R1 in the furnace 1 1 , and a cooling 
container 18 below the furnace 1 1 . Because of this con- 
figuration, the raw magnet powder comes out from the so 
hopper and goes, into tfie furnace through the inlet by 
the aid of gravity, and after tfie hydrogen heat treatment 
the p^ocessed magnet powder comes out of the heating 
room of the furnace ai^d goes into the cooling container 
also by the aid of gravity. Thus the whole process that ss 
comprises feecllng raw magnet powder, the/ hydrogen 
heat treatment, cooling, and taking out the processed 
magnet powder can be oompleiely continuousV 



[0064] Furthermore, the uniformity of the processed 
magnet powder is enhanced by the effect of the powder 
scattering equipment 19 . Ihe equ^ment 19 can feed 
the raw magnet powder quite evenly into the heating 
room -RI in which the heat compensating means is 
placed. 

[0065] Also tiie present apparatus can crush the 
aggregated powder into coarse grains by ttie powder 
crushing equipment 15c on the stopper 15 tiiat gives 
up-and-down motion, and helps tfie processed magnet 
powder to fall down into the cooling container 18. 
[0066] An apparatus that gives continuous hydrogen 
heat treatment to anisotropic rare earth magnet pow^ 
ders is invented. The apparatus a comprises shopper 
12, a furnace 1 1 to carry out a hydrogen heat treatment, 
a heat compensating means 14 that is placed in the 
heating room of the furnace to keep the treatment tem- 
perature constant, a movable stopper 15 to sujDport the 
material in the heating room of tfie furnace 11 and a 
cooling container 1 8. The raw magnet powder is fed into 
ttie furnace 1 1 arid supported by the stopper 15. then 
hydrogen heat treatment lis canted out After the treat- 
ment the stopper opens the bottom end of the heating 
room and the processed magnet powder falls into the 
cooling room. By ttie operation descried above, the 
present apparatus can cany out continuous hydrogen 
* heat treatment without stopping ttie heating of ttie fur- 
nace t>atch by batch. Continuous hydrogen heat treat- 
ment greatly improves the production efficiency and 
quajity of the processed magnet poyvder. 

Claims . : 

.1. An apparatus to produce rare earih anisotropic 
magnet powders having excellent niagnetic proper- 
ties by applying hydrogeh heat treatment compris- 
ing; 

a furnace having an inlet for raw magnet pow^ 
der on its one end, an outiet for the processed 
magnet powder on the other end, and a heating 
room In which a hydrogen heat treatment is 
carried out between said inlet and.said outlet, 
a heat compensating means ttiait is placed in 
said heating room of said furnace coricentri- 
cally to cancel out ttie heat generation/absorp- 
tion of said hydrogen heal treatment by 
synchronized counter reaction, 
a movable stopper to support the material in 
the tubular space formed between said heating 
room'of said furnace and said heat obmpensat- 
ing means at Its one position and to let the 
processed magnet powder move out~ of said 
heating room at its other position, 
a driving equipment for said movable support, 
a hydrogen supply equipment to supply gas 
with a set partial pressure of hydrogen to saki 
furnace and said heait corr^ensating means. 
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A producing apparatus for rare earth magnet pow- 
ders as set forth in claim 1, wherein, said inlet is 
placed on top of said furnace, said outlet is placed 
in the bottom of said furnace* said stopper makes 
up-and-down movement in said furnace in a man- 5 
ner that it supports the material in the tubular space 
formed between said heating room of said furnace 
and said heat compensating means at Is upper limit 
and it let the processed magnet powder fall out of 
said heating room at its lower limit. 10 

A producing apparatus for rare earth magnet pow- 
ders as set forth in claim 1 . wherein, said heat com- 
pensating means comprises a cylinder containing a 
hydrogen absorbing material which generates and is 
absorbs the heatby the reaction with hydrogen, and 
a hydrogen pressure adjusting equipment to control 
said hydrogen pressure Inside said cylinder. 

A producing apparatus for rare earth magnet pow- 20 
ders as set forth in claim 1 , wherein, said apparatus 
has a hopper of the raw magnet powder, said heat- 
ing room to carry out said hydrogen heat treatment 
cmd a cooling container for the processed magnet 
powder, placing theni in vertical configuration so 2s 
that the raw magnet powder comes out from said 
hopper and goes into said furnace through said 
Inlet by the aid of gravity, and after said hydrogen 
heat treatment the processed magnet powder 
comes out of said heating room of said furnace and 30 ^ - 
goes irrto said cooling container also by the aid of 
gravity. 

A producing apparatus for rare earth magnet pow^ 
ders as set forth in claim 3, vyherein said hopper or 35 
said heating room has a raw magnet powder scat- 
tering equipment to feed the powder evenly into 
said heating room. 

A producing Apparatus for rare earth magnet pow- 40 
ders as set forth in cleiim 1 , wherein said stopper 
has a powder crushing equipinent to crush the 
aggregated powder okTtained' after said hydrogen 
heat treatment. 
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